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SECTION I

INTRODUCTION AND SUMMARY (U)

1.1 (U) Brief History and Rationale

(U) The object of the Standard RF Chain Program is to reduce the

total cost of Electronic Countermeasures (ECM) systems. The usual

approach to designing ECM systems has been to define system performance

requirements and allow specific rf chain element designs to evolve,

based on these requirements and component availability. This approach

has resulted in systems with similar but different designs and which use

similar components that are not usable by or common to more than one

system. Since the rf chain portion of these systems has been a major

cost driver, commonality of components and standardization of the rf

amplifying chain is an obvious way to reduce total system costs.

(U) Efforts to reduce ECM costs started with the ECM cost reduction

conference sponsored by AFAL in 1975. As a result of this conference, a

study was initiated to examine the feasibility of standardizing rf

chains through the use of standard or common traveling wave tubes (TWTs)

and other components. Study results showed a potential for achieving a

common TWT/rf chain design across Air Force mission areas.

(U) As a result of the rf chain studies, AFAL briefed the Joint

Director of Laboratories Council (JDLC) on the opportunities for cost

reduction through rf chain standardization. The JDLC initiated a tri-

service ad hoc committee, which reviewed common ECM requirements and

recommended approaches toward achieving TWT and rf chain commonality.

(U) A common design would significantly reduce ECM costs, especially

considering TWTs, which typically represent 20-25% of the total system

costs. The use of standardized components and designs will allow larger

quantity buys (with subsequent lower costs), and simplify nodifications,

maintenance procedures, and training.

UNCLASSIFIED
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1.2 (U) Program Objectives

(U) The following design objectives were developed for the Standard

RF Chain Program in accordance with the program objectives presented in

the previous paragraphs:

a. Compatibility with a wide variety of TWTs, i.e., with

minimal modifications of the LRUs when changing TWTs.

b. High commonality of designs and components between the

high band and low band LRUs.

c. High reliability.

d. Simplified maintenance, easily accessible test points and

easily replaceable components to simplify testing, fault

isolation, and repairs.

1.3 (U) Summary of Test Results

(U) The rf chain high band and low band power amplifier line re-

placeable units (LRUs) were developed, fabricated, and then tested using

various TWTs and associated test objectives. The testing performed on

each LRU is shown below:

Low Band LRU Testing High Band LRU Testing

RF Chain Baseline TWTs RF Chain Baseline TWTs

Environmental DBOM TWT - 2% Duty Cycle

Power Share Control Module Band III Pulse TWT - 8% Duty
Cycle

6 dB Dual Mode TWT

(U) Discussion of the low band LRU testing is contained in section

3, and the high band LRU testing in section 4.

2
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(U) High commonality was achieved between the high band and low band

LRUs. They have about 70% commonality in their components and design.

The only design and component differences were introduced by the dif-

ferent frequency range requirements of the two units.

(U) The testing provided conclusive evidence that both the low band

and high band LRUs met or exceeded all specification requirements of the
rf chain program. The LRUs also exhibited very high reliability through-

out the testing at all the test locations.

II
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SECTION II

RF CHAIN AND TEST FACILITY DESCRIPTION(U) 4

2.1 (U) RF Chain Description

2.1.1 (U) Item Definition. The Standard RF Chain Amplifier is packaged

as two modules (high band and low band), each covering a different

frequency range. Each module provides a combined Continuous Wave (CW)

and pulse mode capability over a frequency range greater than an octave,

and shares a common electrical design, form factor, and packaging concept.

The modules also have high commonality (about 70%) among their compo-

nents. Major components such as the high voltage modulators and power

supplies are standardized to accommodate a variety of TWTs. The vari-

able configurations thus obtained can readily be produced for a wide

range of ECM applications, wherein all control functions are provided

external to this rf amplifier.

(U) The baseline configuration of a standard rf amplifier module

contains separate CW aad pulse TWTs operating in parallel. Two flyable

prototypes - a low band (E/H) version and a high band (H/J) version -

have been built and demonstrated (see figure 1). The standard module is

designed also to accommodate dual mode (CW/ pulse-up) and dual beam dual

mode (DBDM) TWTs; these configurations have undergone critical testing.

(U) The amplifier module is packaged as an LRU and is designed for

military airborne environments typical of both pod and internal instal-

lations. Cooling air can be supplied by either aircraft ECS or ram

inlet. Direct cooling of the electronics is by cold plate in hermetic

compartments, thereby minimizing susceptibility to dust, humidity and

salt fog. The power supplies tolerate a wide AC frequency variation

(350 Hz to 800 Hz) such as may be provided by a ram air turbine gen-

erator (RATG).

4
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(U) All electronic assemblies and major components are packaged as

SRUs, and are functionally partitioned in a straightforward manner, to

facilitate efficient shop maintenance. Sufficient test points are

accessible, via a test connector, to allow unambiguous isolation to a

faulty SRU using simple and inexpensive ground support equipment.

(U) Efficient and swift flight line maintenance is facilitated by

a comprehensive built-in-test (BIT) capability. The Standard RF Ampli-

fier can safely be operated for several minutes in the aircraft withoit

cooling air; internal temperature sensing and automatic shut-down pre-

vent thermal damage.

2.1.2 (U) Specification Summary. The mechanical installation charac-

teristics of the Standard RF Amplifier LRU are given in figure 2. The

performance, interface and environmental characteristics are summarized

in table 1.

Table 1. (U)Specification Summary, Standard RF Amplifier.

FREQUENCY COVERAGE: E/H and H/J (overlapping)

MODES: CW and Pulse, interleaved

PULSE DUTY CYCLE: 5%

GAIN (TYPICAL): 65 dB CW, 75 dB Pulse

PRIME POWER: 3-Phase, 350 Hz to 800 Hz

106 V ac to 122 V ac steady state

105 V ac to 135 V ac transient

1.85 KVA maximum, 1.65 KVA typical

WEIGHT: 55 lbs.

VOLUME: 0.68 cu. ft.

AIR INLET TEMPERATURE @ 25 LB/MINUTE:
-540C to +600C, continuous operation
-580C to +800C, 30-minute operation

NON-OPERATING TEMPERATURE: 4

-580C to +1100C UNCLASSIFIED
6
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2.1.3 (U) Amplifier Interface. The functional organization of the

baseline amplifier configuration, low band or high band, is illustrated

in figure 3. Its operation is totally controlled by an external inter-

facing sybsystem, such as a receiver/processor or a techniques generator.

(U) Interface between the amplifier and the controlling subsystem

consists of a 6-bit data bus, a number of discrete command inputs and

status outputs, and the RF input.

(U) The data bus provides two-way communication between subsystems.

Data transmitted by the controlling subsystem includes mode commands

(standby, transmit, etc.), measurement commands (for rf levels, etc.)

and status queries. The amplifier responds with fault status data and

encoded measurement values. Associated with the data bus is a separate

2-bit address code input, which allows up to four amplifiers to be

controlled by the same data bus.

(U) Chief among the discrete inputs are the CW and Pulse mode

commands. These inputs provide real time grid control of the TWTs via

their respective modulators. Another real time input signal synchro-

nizes the measurement of rf input power, rf output power and output

pulse width, as specified by a data bus command.

(U) The discrete outputs report certain fault conditions requiring

the immediate attention of the controlling subsystem. Internal faults

reported by these outputs include modulator, power supply, and temper-

ature faults. External faults reported include excessive reflected

output rf power and improper pulse mode command timing format.

2.1.4 (U) Amplifier Operation. Internally, the amplifier is controlled

by an 1/0 circuit contained in the I/O and BIT module (see figure 3).

The I/O circuit decodes the data bus words and routes commands to their

destinations. It also collects and encodes all status and measurement

data, and routes them to the controlling subsystem.

8
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(U) The rf signal path through the amplifier begins in the solid

state amplifier (SSA) module, where the rf input signal is amplified and

split. The SSA module also contains an rf detection circuit; its video

output is routed to a BIT circuit in the I/O and BIT module where, upon

command, the amplitude is sensed.

(U) The two rf outputs from the SSA module are routed to the CW and

pulse TWTs. The control grid of each TWT allows its beam current to be

turned on and off rapidly by the associated modulator, in response to

the input mode command. Typical propagation time for either CW or pulse

mode, i.e., from input command transition to output rf signal transi-

tion, is 30 nanoseconds.

(U) Couplers at the TWT outputs provide proportional samples of rf

output power to associated detection circuits, whose video outputs are

routed to the BIT circuit and encoded upon command.

(U) Also shown in figure 3, but external to the amplifier LRU, is

a miczowave network consisting of two directional couplers, a hybrid,

and two filters. The external couplers provide proportional samples of

reflected RF power back into associated detection and threshold circuits

within the LRU. These circuits provide real time warning of excessive

voltage standing wave ratio (VSWR), for the purpose of protective shut-

down and fault status reporting. Protective shut-down of the TWT is

automatically performed via its grid modulator. The reflected power

trip thresholds are factory adjustable for a wide range of installations.

2.1.5 (U) Amplifier BIT. (U) Self-test BIT circuits are contained in

the modulators and power supplies, which continuously monitor for and

report on faulty voltage and current conditions. Additionally, the

pulse modulator protects the pulse TWT from an improper pulse command

timing format, by autonomously limiting pulse repetition frequency, duty

cycle and duration of a single pulse on-time. This function, when

invoked, is reported as a pulse command fault.

10
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(U) The hi§n voltage power supply additionally monitors TWT condi-

tions, and shuts itself down in the event of an arc-over or other

faults.

(U) The temperature of each TWT is continuously monitored by the

I/O circuit, which will turn off the high voltage power supply (HVPS) in

the event of overtemperature. The temperatures, upon command, are also

encoded and transmitted to the controlling subsystem via the data bus.

2.2 (U) Test Facility

(U) The RF Chain Power Amplifier test facility (figure 4) features

several automated test sequences, yet is flexible enough to allow

manual spot checking. The equipment may be divided into three cate-

gories: the system computer, an automated test set-up, and manual mode

equipment.

(U) The HP9845 computer controls the automated portion of the

facility via the IEEE Std. 488 bus. In addition, the computer drives a

graphics display, plotter, printer, and data storage capability. The

system software is designed to execute test sequences, create calibra-

tion data, and continuously monitor all automated equipment. The

automated equipment Interconnections are not changed radically between

tests. In general, the automated equipment is responsible for providing

various stimuli to the Power Amplifier, monitoring the status of the

Power Amplifier, and making power measurements.

(U) The manual equipment items are required only for specific

tests. Most manual equipment is used for monitoring the output or

response characteristics of the Power Amplifier.

2.2.1 (U) Special Test Equipment. The Special Test Equipment (STE) for

the rf chain amplifier is shown in figure 5. The two major components

for the STE are a microprocessor based control console and a cooling

cart.

11UNCLASSIFIED t
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(U) The main functions of the cart are to supply cooling and

support for the Power Amplifier and to provide power for both the STE

and Power Amplifier. In addition, the cart houses the SSA and the

modulator drive circuitry.

(U) The control console features the 8085 Microprocessor, a 12K

program contained in erasable PROMs and 1K of RAM. Programmable inter-

faces are provided for communications with the Power Amplifier, the IEEE

Std. 488 bus, and a manual control panel.

(U) The STE may be operated via the IEEE bus or manually.

2.2.2 (S) Driver Amplifier Characteristics. Figure 6 is a plot of the

Avantek Cascaded Amplifier gain and output power characteristics.

Measurements were made over a frequency range of 8 GHz to 18 GHz for

both small signal gain (SSG) and 1dB compression power output charac-

teristics. The small signal gain approxir ed 35 dB + 1.5 dB at a power

output of +8.5 dBm. A minimum of +19.5 dBm output across the band at

the 1 dB compression point is provided by the amplifier.

(S) Figure 7 is a plot of the harmonic power (in dBc) at 8 GHz for

the above amplifier. This amplifier was operated at an output of

between +18 dBm and +21 dBm which resulted in harmonics of -23 dBc

maximum.

2.3 (U) Test Programs

(U) The HP9845B computer was programmed to exercise the amplifier

in accordance with the testing procedures. It accomplished this by

controlling the STE and other test equipment (see figure 4) and process-

ing data through the use of the IEEE Std. 488 interface bus. The

HP9845B was chosen because of Its versatility and suitability to this

application.

2.4 (U) RF Chain Configuration Variations

14
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(U) One design goal of the RF Chain Program was high compatibility

of the RF Chain Amplifier with various types of TWTs. The high band LRU

has been tested with four different TWTs - the baseline TWTs, the

NETS/Raytheon DBDM TWT, the Hughes 8% pulse tube, and the T-MEC 6 dB

pulse-up tube.

(U) The only modif4 cations to the rf chain for changing these tubes

are replacing the high voltage power supply (HVPS), and replacing the

modulator for the 6 dB pulse-up tube. This is a matter of simply

removing screws, replacing the supply and/or modulator, replacing the

screws, and adjusting the power supply voltage levels before operation.

(U) The power supplies all fit the rf chain form factor, with the

exception of the 6 dB pulse-up tubes HVPs and modulator, which are

encased in FC-48 oil. Since the 6 dB pulse-up TWT is not intended for

use in the rf chain, the HVPS and modulator were built for ease of

modification rather than form factor.

2.5 (U) RF Chain Modulator

(U) At the outset of the development program, the decision was made

to modify the ALQ-135 universal modulator design for application to the

RF Chain Power Amplifier. This design provided the capability to con-

trol both gridded and nongridded (mod-anode) TWTs and therefore allowed

the TWT manufacturers maximum flexibility in meeting the rf chain tube

performance requirements. This design utilized all solid state devices,

except for two triode tubes which are required to provide the 1300 volts

needed to switch mod-anode from on to off and visa-versa. This modu-

lator was p 'rototyped for the rf chain testing.

2.5.1 (U) RF Chain Modulator General Description. The rf chain modu-

lator incorporates high voltage, high current MOS power FETs as switch-

ing elements (see figure 8). Each switch section (4 sections used) is

comprised of a 450 volt FET, a floating power supply, and associated

circuitry. The two ON switches are virtually identical to the two OFF

switches except they also have the ability to provide TWT grid current

17
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in excess of 200 mA if necessary. The grid is held in the off state by

a large value resistor to VOFF. Switch edge drive and tick (high

frequency refresh) pulses are transformer coupled from ground level to

the high voltage TWT cathode potential. The design permits usage of the

H-17 driver hybrids In the modulator. The VON and VOFF power supply

also employs a common hybrid (H-B). It was modified to accommodate the

lower potentials needed for the shadow grid TWT.

2.5.2 (U) Block Diagram Description. Ac seen in the block diagram

(figure 8), the four switches are in series. The TWT grid is tied to a

point between the ON and OFF switches. A spark gap between the TWT grid

and cathode protects the modulator in the event of an arc from grid to

ground.

(U) ON edge drive pulses are transformer coupled from H-17 to the

ON switches through Ti while OFF commands are coupled through T3. When

in the ON state, ON switch sustaining pulses (tick pulses) are fed

through T2. Edge drive pulses develop extremely fast high current

conduction of the switches to enable switching 500 volts in less than 30

nanoseconds, while the tick pulses sustain the conduction of the ON

switches at the 200 mA level or whatever TWT grid current may be re-

quired. When a turn off command is sent to the OFF switches, a signal

is generated by OFF switch I which completely shuts off the two ON

switches through T4. As mentioned before, the OFF switches require no

tick pulses. This local coupling negates the need of another low to

high voltage transformer.

(U) Diodes CR1 and CR2 prevent the ON switches from going into

"saturation" when the ON switches are energized. CR2 clamps the TWT

grid to the VON potential. Thus, CR1 and CR2 keep about 35 volts

across each switch during their conduction period. The drain to source

capacity of FETs has the property of being inversely proportional to the

voltage across the FET. By minimizing the capacity of the FETs in the

ON mode, switching in the opposite direction is simpler, faster, and

power saving. Diodes CR3 and CR4 serve the same function In the OFF

switches.

19
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SECTION 1l1

LOW BAND LRU TESTING(U)

(U) The following tests were performed on the Low Band Power

Amplifier:

a. Baseline Testing

b. Environmental Testing

c. Testing with the Power Share Control Module.

The purpose and requirements of each test are detailed in the appropriate

section below.

3.1 (U) Baseline Testing

(U) The rf chain baseline testing was conducted using the baseline

T-MEC TWTs. This was done to keep the program within cost and schedule,

since preliminary analysis showed that the rf chain requirements could

be fulfilled by the baseline tubes. This analysis turned out to be

incorrect. The baseline TWTs could not be made to meet the rf chain

requirements. However, the response of the rf chain when using these

tubes yields baseline data about its overall performance. Since the rf

chain in most cases comes close to fulfilling the rf chain requirements

with the baseline tubes, it may be inferred that the rf chain would meet

or exceed these requirements with the appropriate TWTS.

3.1.1 (U) TWT Description. The following paragraphs list some of the

specifications of the TWTs used in the rf chain low band LRU testing.

The specification and drawing for the pulse TWT are in Northrop DSD

documents 093-005931 and 090-001860, respectively; and for the CW TWT,

document numbers 093-005930 and 090-001859, respectively. These are

some of the relevant specifications:

(S) Frequency Range: The following frequency ranges apply to both

the pulse and the CW TWT:

2.6 GHz to 7.5 GHz

2.0 GHz to 8 GHz (design goal)

20
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(S) Rated Fundamental Power Output:

Frequency Power Output: CW TWT Power Output: Pulse TWT
2.0 GHz to 2.6 GHz (goal) +51.8 dBm +61.0 dBm

2.6 GHz to 7.5 GHz +54.8 dBm +62.5 dBm

7.5 GHz to 8.0 GHz (goal) +53.8 dBm +61.8 dBm

(C) Maximum total dower output shall not exceed +57.0 dBm (CW) or
+66.0 dBm (pulse) regardless of drive level.

(C) Duty Cycle and Pulse Width: The pulse tube may be operated at

continuous duty cycles up to 100% and at various pulse widths from CW to
a minimum of 100 ns, including multiple combinations thereof.

(C) Small Signal Gain: Small signal gain for the CW TWT is 36 dB
minimum, 39 dB nominal, and 46 dB maximum. Small signal gain for the

pulse TWT is 46 dB minimum, 49 dB nominal, and 56 dB maximum.

(C) Noise Output: With the input port terminated in 50 ohms and

the output port loaded with an attenuator, the CW TWT spurious noise

output is below -10 dBm/ MHz, and the pulse TWT total integrated noise

and spurious output power is below +30 dBm,

(S) At normal driver levels, the total harmonic power for each TWT

is at least 3 dB below fundamental power output (-10 dBc goal). At

frequencies higher than 4.5 GHz, the second harmonic is at leist -15
dBc.

(C) Propagation Delay. The propagation delay for each tube does

not exceed 10 ns.

3.1.2 (U) List of Tests. The baseline electrical performance tests

conducted on the low band LRU are listed on the following page:

21
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a. Power Output vs. Frequency

b. Small Signal Gain

c. Harmonic Power

d. Spurious Outputs and Noise Power

e. TWT Transfer Characteristics

f. Mismatched Loads

g. Propagation Delay

h. Mode Switching Time

i. Primary Power

j. Response to Commands

k. Duty Cycle Limiting

1. BIT/ATE Output

3.2 (U) Detailed Test Data - Baseline Testing

(U) The detailed test data for each test provided in this section

is preceded by introductory paragraphs indicating the purpose, require-

ments, variations in test procedures (if any) a summary of the test

results, and a block diagram of the test setup.

3.2.1 (U) Power Output vs. Frequency

a. (U) Purpose. The purpose of this test is to demonstrate the

power output of the RF Chain Low Band Amplifier across the

frequency band at nominal rf input drive levels. See figure 9

for the test setup.

b. (U) Results. Tests were run on the CW and pulse tubes for

total and fundamental power output vs. frequency, and reduced

drive level power output vs. frequency. The results of these

tests are shown in figures 10 through 15. The lower reference

line on these graphs represents the specification to which the

TWTs were built. The other reference line represents the rf

chain specifications.

22
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(U) The CW output power exceeds the specifications to which the CW

tube was designed, and meets a portion of the rf chain power require-

ments across the frequency band. Pulse output power exceeded the tube

design specification. For total power output the pulse tube also ex-

ceeded the rf chain specification except for a 900 MHz area in the high

end of the frequency band and the lower 500 MHz of the desired (goal) rf

chain frequency range. The reduced drive level tests results shown that

each TWT produces the same output power spectrun shape for various

reduced drive levels.

3.2.2 (U) Small Signal Gain

a. (U) Purpose. The purpose of this test is to demonstrate the

small signal gain across the frequency band, with the rf input

drive levels reduced by 15 dB from their nominal values. The

test setup is shown in figure 9.

b. (S) Results: The tests were run with the input drive level 15

dB down from its nominal value. The results of this test are

shown in figures 16 and 17. Here again the unit did not meet

rf chain specifications (67 dB minimum for CW, 77 dB for

pulse), but exceeded the tube design specifications (35 dB

minimum for CW, 46 dB for pulse).

3.2.3 (U) Harmonic Power

a. (U) Purpose. This test measured the relationship between the

total output power and the harmonic power for harmonic outputs

within the calibration frequency range.

b. (S) Results. The test was performed concurrently with the

tests described in paragraph 3.2.1 (see figure 9). The re-

sults are shown in figures 18 and 19. The worst case harmonic

power in the CW mode was -3.0 dBc, at 2.55 GHz and 2.85 GHz.

This fulfills the rf chain requirements of a worst case second

harmonic of -3 dBc to -4 dBc.
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Figure 17. (S) RF Chain Low Band, PL Small Signal
Gain vs. Frequency, PLS = 2: us at 5%.
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41 SE C R E T .....L.............................

40a2 3 4 5 6 ?
LB RF CHAIN bN*:1 FREQUENCY (GHz)

TEST #2, SEQUENCE *40.25: BASELINE CONFIGURATION

Figure 18. (U) RF Chain Low Band, LW Harmonic Output
Power vs. Frequency, CW =100%.
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(S)The worst case harmonic power for the pulse tube was -2.5

dBc at 2.55 GHz. This is total harmonic power. The rf chain

also fulfills the requirements for the typical second harmonic

to be -10 dBc.

3.2.4 (U) Spurious Outputs and Noise Power

a. (U) Purpose The purpose of this test is to demonstrate that

the Unit Under Test (UUT) meets the spurious noise output

requirements. The test setup is shown in figure 20.

b. (C) Results. This test was conducted in accordance with

paragraph 8.3.2.2 of the rf chain test plan. The results are

shown in data sheet 8.3.2 (figure 21). The requirements are -

3 dBm/MHz maximum for CW and 40 dBm maximum for pulse. No

spurious outputs exceeded specification.

3.2.5 (U) TWT Transfer Characteristics

a. (U) Purpose. The purpose of this test is to show the rela-

tionship between the rf input drive into the rf chain LRU and

the output power of the LRU. This information is supplied as

supplemental information to required test data.

b. (U) Results. The test configuration is shown in figure 9.

The test results are shown in figures 22 through 30. They

show very linear transfer characteristics up to the saturation

point of the TWTs.

3.2.6 (U) Mismatched Loads

a. (U) Purpose. This test was performed to determine the effect

on rf chain power output of operating into a load that pre-
sents a less than optimum impedance match. The test setup is
shown in figure 31.
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SPURIOUS OUTPUTS

Data Sheet 8.3.2

RF CHAIN 4 j 1.3^.,j c-DATE 10-0 -fi7

., i i- Cu.t.. . . ....CONFIGURATION

BLANK CW PL

LOW BAND EDGE 7 - /A9

MID BAND -68g/4' -

HIGH BAND EDGE 4/o,$- -e.1 c-7

UNCI ASSIFIED
i -O2B64421

Figure 21. (U) RF Chain Low Band, Spurious Outputs.
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*1 at 2.7 GHz, CW =100%.

38
SECRET XI.



SECRET

610:06:1?:29:Z1 CW TRANSFER CHARACTERISTICS

60 . <...... ...-

CL 40l -.. ......... .... ........

04 .725 -2 -1 10 -
L HI S#I-NU PWR( m

TET#nT3G= REIECN UArIO

2 *: :: '-1ESCCRT

-30 -25 -20 -15Z



SECRET

100617?917CL' TRANSFER CHARACTERWSTICS

55.................

99

C 40

7, 9 Ll .. ... . ... .

S E

Jc 2

LB RF CHRIN MU DJPIT P 0 FER C(d Fm) '
TEST *'9 HT 4.5 'AzH:: BHAchLIIJiE LUF-NRVJFiTION

18642164024

Figure 24. (U) RF Chain Low Band, CW Transfer Characteris-tics
at 4.5 GHz, CW =100%.
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10:6:7:9:3 W TRANSFER CHARACTERISTICS
65 . ~ - ~ : . -~

60 ...................................................... .. .... ....

5 5 ~~~~. ..... ..... . . . ......----...... ... ... . .. .. ... ....

0 . . . .. . . .. . . . . . . . . .. .

25

-30 -25 -20 -15 -10 -5 0 5
LB RF CHAIN SN* 1 INJPLIT POWER (d~m)

TEST' *9 AT 7.5 GHz: BASELINE CONFIGURATION

Figure 26. (U) RF Chain Low Band, CW Transfer Characteristics
If at 7.5 GHz, CW = 100%.
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10:06:18:52:39 PL TRANSFERCHARACTERISTICS

65

.. .. . .. . .

CL
4 . . ... . .4 .

......... ............ ....... .... ................ ....

C ..-. ..

-3 0 15 -10 -5 0 5
L B R C HHAI H 1~ INPUT POWER (dBm)

TEST 49 HT 7. Hz PH zELIHE CfNF Ii;I3JRAT ION

I 58-2W6-030

Figure 30. (5) RF Chain Low Band, PL Transfer Characteristics
at 7.5 6Hz, PLS = 25 us at 5%.
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b. (C) Results. The rf chain is required to operate into loads

with a VSWR of 2:1. This test was performed with a 2:1 mis-

match of random phase to simulate a worst case feed line and

antenna loading condition. The test results are shown in

figures 32 and 33. The CW output power showed a maximum

decrease of 0.83 dB, and the pulse output power showed a

maximum decrease of 0.7 dB.

3.2.7 (U) Propagation Delay

a. (U) Purpose. The purpose of this test is to demonstrate the

pulse repeater response of the RF Chain Power Amplifier LRU.

The time measured is from the receipt (3.5 - volt level of the

leading edge) of the real time video command to the 90% volt-

age point of the detected output pulse. The test setup is

shown in figure 34.

b. (U) Results. The results of this test are listed on data

sheet 8.3.4 (figure 35) and shown in the photographs of figure

36. The propagation delay specification is 75-100 ns. Both

the pulse and the CW response times were within this specifi-

cation. Both responses also meet the rf output pulse use time

specification of 20 ns maximum.

3.2.8 (U) Mode Switching Time

a. (U) Purpose. The objective of the mode switching time test is

to measure the response of the UUT during different combina-

tions of timing sequences for CW, pulse, and blank modes. The

test setup is shown in figure 37.

b. (U) Variations in Procedure. A single pulse generator setup

for double pulse output was used instead of the two pulse

generator setup called for in table I of the rf chain test

plan (shown in figure 38).
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10:07?:10:35:17 LB RF CHAIN SN#0001

TEST #7, SEOLIENCE #0: BASELINE CONFIGURATION

RESULTS OF MATCHED LORDS :W

FREQUEHC' . GHz "UTPUT POWER ,:d'"fi:

4.75 52.46

I.6 49. 3-:5

RESULTS OF MISMATCHED LOADS CW

FREQUENCY (GHz) OUTPUT POWER (dBw ,2

2.7 53.69

4.75 52.6

, 8 48.48

SECRET
1642 M4-432

Figure 32. (S) RF Chain Low Band, Mismatched Loads Test, CW = 100%.

49"

SECRET



SECRET

10:07':11:07:46 LB RF CHAIN SN#01

TEST #7, SEQLUENCE #0: BASELINE CONFIGURATION

RESLULTS OF MHTCHED LOADS 'PL

FREQUENCY ('GHz)2 OUTPUIT P'OWER '.dBrr 2

4. 75 6 4. I:

RESUILTS~ OF M~ISMATCHED LOADS PL

FREQUIE1CY (IHz ) OUITPUJT__POWLER Fr'.

4.7'5 6:2'. 94

7. C* 6. 62.

SECRET
156-o2W68-033

Figure 33. (S) RF Chain Low Band, PL Mismatched Loads Test,
PLS =25 us at 5%.
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PROPAGAH!ON LU AY

D.~E ~CONFIGURATION

VIDEO COMMAND (0i t
MODE OF OPERATIO N (3. s-v LFvE LQ OUTPUT PULSE DELAY TIME

0 /0, __________

PL 0 I

1, CW AS6 1).rd fee-~ rejo ~F 0,t p qt __f A eA

is6-029664-035

CONFIDENTIAL

TEST ENGINEER DATE

Figure 35. (U) RF Chain Low Band, Propagation Delay.

52
CONFIDENTIAL

*1~~ -7z



CONFIDENTIAL

DETECTED RF
OUTPUT

PL MODULATOR

156-2DW4OXX 
COMMANDS

CONFIDENTIAL

DETECTED RF
OUTPUT

CW MODULATOR
COMMANDS

CONFIDENTIAL

Figure 36. (UI) RF Chain Low Band, Propagation Delay.
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ilulse Operation CW Operation

Pulse PRI Pulse PRI
width width

Pulse Generator #1 1 us 100 us 2 us 100 us

Pulse Generator #2 1 us 100 us 2 us 100 us

158-02NG64-03a

LNa.ASSIFIED

Figure 38. (U) RF Chain Unit, Mode Switching Time.
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C. (C) Results. The mode switching time set was performed In the

CW and pulse modes of operation. The pulse generator was

programmed for double pulse output, and the pulse separation

was adjusted to the point at which the detected rf output

pulse separation was at a minimum (see data sheet 8.3.4.1,

figure 39). A mode switching time of 75 - 100 ns is required.

The results in figure 40 show a mode switching time of about

L200 ns.

3.2.9 (U) Primary Power

a. (U) Purpose. The objective of the primary power test is to

measure the warmup time of the UUT and to determine the input

power requirements at high line, low line, and nominal input

voltage settings. Additionally, this test will verify the

prorated warmup time after a primary power interrupt.

b. (U) Results. The test setup is shown in figure 41. The

warmup time was found to be 187 seconds. The prorated warmup

time was 2 seconds of warmup time for each second of interrupt

time, for up to 90 seconds of interrupt time. After 90 seconds

of primary power interrupt time, a full warmup time is required.

(U) The primary power requirement is three phase, 400 Hz supply at

115 V +5%. The maximum input power specified is 800 watts per tube.

The results (figures 42 through 45) show that the minimum primary power

is always maintained; and while the CW tube sometimes exceeds 800 watts,

the pulse tube never does, and the total power requirements never exceed

1600 watts for both tubes.

3.2.10 (U) Response to Comands

a. (U) Purpose. The purpose of this test is to verify that the

UUT operates in all modes, responds to digital commands, and

that it generates and processes proper status information

whenever status is requested.
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MINIMUM PULSE SEPARATION

Data Sheet 8.3.4.1

RF CHAIN _ V O . & DATE__________

Z__ _ _ _ _ ______CONFIGURATION

MODE OF OPERATION PULSE WIDTH DBL SEPARATION

PL. ~OL~4ht~d4C~. ~~.., 3 t ,.

I 562S4-.O3O

CONFIDENTIAL
TEST ENGINEER __DATE

Q.A. DATE

_CA _ DATE

Figure 39. (U) RF Chain Low Band, Minimum Pulse Separation.
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PR 1IVY POWER

Data Sheet 8.3.5.2.a

RF CHAIN -. DATE /'8o--/

BAJA CONFIGURATION

MODE OF OPERATION '/" __

LOW I INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE v J LTAGE CURRNT A . POWER u Rf dBm Rf dBm

0 A /074r /0 11. (1 5 5.2
oB ____ /089 t11.s 385/Y

_ c /0.7 .03 0to.3 5/.9S- _ ,___
TOTAL q- ___ 5 l /J, ( 5 --- - -

MODE OF OPERATION sr a __

NOMINAL INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER w mc_ Rf dBm Rf dBm

01 A

PB 4/334 6'4
0 C ,/s.JS /,O, /3.,VY?_ _,/V _ \

TOTAL - 3&a.F ,'79, -

MODE OF OPERATION sr T _

HIGH INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER -. Rf d8m Rf dBm
0 A

iA' . i _ _ _ i "__ __ _._ _

PB -'/8.5 /7/ 13/.' 1s,5,'C / __, ___ /2 1." , Ir s .' s- _____

TOTAL - ___ 3YZS~~~. -

UNCLASSIFIED

Figure 42. (U) RF Chain Low Band, Primary Power.
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PRIMARY POUER

Data Sheet 8.3.5.2.d

RF CHAIN /6w . ' la.ee./ DATE / -$-/ /

14 ,, Ae CONFIGURATION

MODE OF OPERLPArl C, _ _ __0/

LOW INPUT INPUT INPUT I INPUT INPUT OUTPUT
LINE LTAQ CURR NT V-A .... POWER Rf dBm R dBm

0A VO/TAG 'cN V-A f/R. Vf 8' !R m

06B /6S.5j/9 5//,5 ___'g

TOTAL - /5-00,5 1/3119 ~Oqi.~L

pOt. 5,,M oovv 3 cW ~A~.
MODE OF OPERATION ewA-J.P/(._

NOMIH INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf dBm

01B "'n el1 Y".~~ ___

TOTAL - _ ;. . S, :c_ 2:, -. . .

FigureMODE OF OPERATION C W i n L
HIGH VIN PUT INPUT IINPUT IINPUT INPUT -OUTP-UT

LINE VOLTAGE CURRENT____ V-A POWER Rf dBm Rf dBm

UNCLASSIFIED 15l2

Figure 43. (U) RF Chain Low Band, Primary Power.
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PRiXARY PO;ER

Data Sheet 8.3.5.2.c

RF CHAIN .. ... uI, DATE

L1g Ar , ,- CONFIGURATION

MODE OF OPERATION 1% S StOa l PZ SA
LOW INPUT INPUT INPUT INPUT INPUT OUTPUTLINE VOLTArF CURRENT. V-A POWERt, t Rf dBm Rf dBm

88 /66,/ .1/ 2'?OL 7.90
DC 1/079 .2. -?-8/6 Z- 1227. ___ __

TOTAL 8__ __ 6_ ,3 L 9 c -3 -odd. 3f1,j

MODE OF OPERATION 00L 50,7, ju
N-M[NAL INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf dBm

0 A s/~ 23, Rf 57 m

__ / ___Joo,&/, I '38.

TOTAL - / ,. *-A- 7'2,

_ _MODE OF OPERATION .PL U% I____

HIGH INPUT INPUT INPUT NPUT INPUT OUTPUT-
LINE .VOLTAGE CURRENT V-A POWER dm Rf dBm

0 C //7__ .7 t 2 ?f'r6 Ig - %
TOTAL - Le9a? 7/45~_ 3 35'g

UNCLASSIFIED

Figure 44. (U) RF Chain Low Band, Primary Power.
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PRIMARY P0VWER.

Data Sheet 8.3.5.2. b

RF CHAIN Z.4 , 6 , DATE *4-*-*/

i J . _______________ CONFIGURATION

MODE OF OPERATION -____ J,¢ 7 .. '. oI'
LO INPUT INPUT INPUT INPUT INPUT OUTPUT

LINE ValTAGF CURRENT V-A POWER Lu. Rf dBm Rf dBm

'08t/ 3.64 .... .. sa..

TOTAL -" /O/7,~ 8.& /' f -ods,-. 5q.

MODE OF OPERATION c- L /3 ,.'/.. PIR" 17&A.,"jk-
NONINAL INPUT INPUT INPUT INPUT INPUT OUTPUT

LINE VOLTAGE CURRENT V-A POWER * Rf d m Rf dm

0 A 1141.7 1 3.0) '6 r. -;Z r- 2_92.7

0 B SqS- 3,01 3.96. 7/xi.

TOTAL .-. --- o*~~'.. -~(~~__

MODE OF OPERATION ______'/, , 7nSec-o4
HIGH INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWERvA-t Rf dBm Rf dBm

0A /,Z I7 2. t' ,,z .z T~

/56-O 9/g--.-*S

UNCLASSIFIED

Figure 45. (U) RF Chain Low Band, Primary Power.
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b. (U) Results. See figure 46 for the test setup. Only commands

not exercised in the tests discussed in paragraphs 3.2.1

through 3.2.9 were exercised in this test. The results are

contained in data sheet 8.3.6.1 (figure 47). The STE status

response was monitored for the various commands, and indicated

that the transmitter did respond properly to input commands.

3.2.11 (U) Duty Cycle Limiting

a. (U) Purpose. The purpose of the duty cycle limiting test is
to demonstrate that the pulse channel monitor will limit the

pulse channel output when the video command duty cycle is

t above the maximum specified.

b. (U) Results. The test setup is shown in figure 36. The

results in figure 48 show that when the pulse generator was

set to a 30 us pulse with a 6% duty cycle, the modulator did

limit the outy cycle to 5.6% by decreasing the pulse width.

3.2.12 (U) BIT/ATE Output
iI

a. (U) Purpose. The purpose of this test is to exercise and

verify the built-in test capability of the rf chain LRU.

b. (U) Results. When the BIT was exercised during the response

to commands testing, it indicated NO GO (see figure 47). The

cause of the NO GO indication was a bad I/O board, which was

giving an improper pulse width readout. After this board was

replaced, the BIT test indicated that all functions of the LRU

were GO. The BIT sensors and BIT test sequences included in

the rf chain unit are listed in table 2.

3.3 (U) Environmental Testing

64

UNCLASSIFIED

V



UNCLASSIFIED

* -7

I 
VVt

00

44

0

CL
4A.

(u

toi

LAA



UNCLASSIFIED

RESPONSE TO COMMANDS

Data Sheet B..3.6.1

RF CHAIN A/paCU AAWU2- DATE /0--S-9f

8,. ~...z-CONFIGURATION

COMIMAND ST 7'- RESPONSE ATA

CW PWR OUT S;'?7zg PWR METER

PL PWR OUT -3 5 XV PWR METER

CW TEMP / 0/ 14

PL TEMP /40/ /0

DUTY CYCLEPUSGEf2

PULSE WdIDTH GO/NO GO

RF INPUT GO 0O GO v1

SELF BLANK -QO/-NO-D . LWOVA~l 14,.4-T s9-r4r .7~~c

BIT /.Jd~i~-4,0./c Z 12;.DC4b -e ,PA..

WARMUP TIME 107~

TEST DATE___________

QA D__________________________AILk

OCAS GATE____________

UNCLASSIFIED

Figure 47. (U) RF Chain Low Band, Response to Conmmands.
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DUTY CYCLE LIMITING

Data Sheet 8.3.6.2.1

RF CHAIN _-~ Z.DATE / - f7

-i L .A. CONFIGURATION

PULSE WIDTH DUTY CYCLE

PULSE GENERATOR 00 ,/d9

RF OUTPUT PULSE ? au . 5o

UNCLASSIFIED

TEST ENGINEER-DT

Q.A. ___________________________DAI

DCAS _________________________________DATE

Figure 48. (U) RF Chain Low Band, Duty Cycle Limiter.
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Table 2. (U) Tests Performed by BIT.

2 1j
ML

o .. 0 .

I. RU Cer.meraure' X sel C
co "I

4-4 4-1~

U-~c E1 c - ~ a

I. LRU overtemperature ± - elf

Safety of Flight

2, Prime Power Phase X K K self K
Fault, Interlock

3. Excess Pulse Duty X self K
Cycle, PRF, Pulse clear

4. TWT Overtemperature X X After X self X X

1 min. clear

S. Helix Overcurrent X X standby X X X

6, Arc Sensors X X standby X X X

7. HVPS Out of X K standby X X X

Regulati on____

8. LVPS Sensors X X X self X
clear

9. TWT Heater X Chan- self X X
nelized clear

10. LRU RF Input X X

1 1. Reflected Power X X

12. COutput x !!
13. Pulse Output - - K

UNCLASSIFIED
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(U) The environmental tests demonstrate that the rf chain unit will

operate under specified temperature and altitude extremes and under a

limited vibration environment. The tests reported in this section were

all performed on the low band LRU. The results of these tests can be

extended to apply to the high band LRU, since the two units are of

almost identical design and construction. The environmental tests

performed were temperature/altitude testing and vibration testing.

3.3.1 (U) Temperature/Altitude Testing Description. After completion

of the subassembly temperature/altitude testing during October and

November, the rf chain LRU was tested during the time period of 14

December 1981 through 18 December 1981. The unit tested was the rf

chain low band LRU in the baseline configuration. All tests listed in

table 8.3.8 of the rf chain test plan (table 3) were accomplished.

The test setup is shown in figure 49. All testing was conducted by R.

Rutter, rf chain test engineer, and witnessed by J. Galloway, quality

control representative. All tests conducted on 17 December 1981 were

also witnessed by Mr. R. A. Hieber and J. Mudd of AFWAL/AAWW.

(U) The location of all test points used for the temperature/

altitude testing are shown in Northrop document no. 001-00673.

3.3.2 (U) Temperature/Altitude Testing Results. All LRU testing was

accomplished without failure. The only variance from the rf chain test

plan occurred during altitude testing. Because of chamber limitations

combined with the test setup (which pumped coolant from one chamber,

through the UUT, and into the envircnmental chamber), the pumps used to

evacuate the chamber were unable to simulate altitudes above 51,000

feet.

a. (U) Preliminary Testing. Preliminary testing in the labora-

tory was accomplished prior to moving the UUT to the environ-

mental chamber. This testing was accomplished with ambient

(22°C) temperature air used as coolant. After the UUT was

moved to the environmental chamber a comparison run was per-

formed under the same conditions except that the coolant air

was restricted to 3.1 pounds per minute (PPM) at a temperature

of 40 C.
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(U)The results of these two tests indicate that the UUT can be

operated under full power output conditions using ambient room

temperature air unrestricted from the coolant cart for extended

periods of time without the temperatures rising beyond the

safe operating temperatures of the LRU.

b. (U) Test Results. All testing was conducted in the sequence

and under the conditions stated in table 8.3.8 of the rf chain

test plan (table 3). Table 4 lists the highest temperatures

recorded in the LRU for each of the test runs, and the CW

pulse output powers. All of these tests were conducted with

no failures. Comparison of Test Sequence 1 and Test Sequence

5 shows that although the LUTs temperature increased during

testing, there was no significant change in its electrical

performance.

3.3.3 (U) Vibration Testing Description. Vibration testing began in

accordance with the Test Plan Addendum submitted to AFWAL, dated 30

November 1981. However, at 21 minutes, 20 seconds into the first test,

the unit failed due to high voltage arcing which resulted in component

failure internal to several hybrids. Because of the emphasis placed on

containing program costs through such means as minimizing the number of

spare assemblies, it was suggested to AFWAL in a letter dated 25 January

1982 that the vibration testing be discontinued. The reply from AFWAL

dated 22 March 1982 approved this suggestion, and said that the vibra-

tion testing could be considered complete.

3.4 (U) Testing with the Power Share Control Module

(U) The rf chain low band LRU was used extensively in the testing

of the Power Share Control Module (PSCM), Air Force contract no. F33615-

81-C-1444. It was used during the baseline PSCM testing at Northrop,

and then for the PSCM testing with the EDE simulator at AFWAL. The rf

chain LRU operated for approximately 140 hours (17-18 days, 7 hours per

day) at the EDE simulator in addition to the Northrop testing. During

this time, the rf chain LRU experienced no difficulties or failures,

which helps to show that the high reliability listed in the program

objectives has indeed been built into this device.
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Table 4. (U) Temperature/Altitude Test 
Results.

TEST DURATION HIGHEST TEMPERATURE 04 POWER PULSE POWER

SEQUENCE (HOURS) RECORDED IN] I.R1 (OC) OUTPUT (dBrn) OUTPUT (d~m)

1 18.7 53.55 63.5

2 START 41.5 53.65 63.5

2 1 79.3 S3.2 63.87

2 2 87.6 53.2 63.96

2 3 86.9 53.3 64.15

2 4 85.7 53.3 64.13

3 23.6 53.6 63.8

4START 9. 53.67 63.75

4 30.5 53.5 63.9

4 55.5 53.45 63.5

4 57.2 53.4 63.5

4 62.1 53.4 63.4

4 77.6 53.4 63.6

487.7 53.4 63.6-

556.3 
53.2 63.6

COOLING AIR: 4'C AT 3.1 PPM

INPUT RF DRIVE LEVEL: -2dBoi

DUTY CYCLE: CW =90% PULSE =51, PULSE WIDTH 25 us

SECRET
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SECTION IV

HIGH BAND LRU TESTING(U)

(U) The rf chain high band LRU testing consisted of electrical

performance testing with the following tubes:

a. RF Chain Baseline TWTs

b. 2% Duty Cycle DBDM TWT

c. 8% Duty Cycle Band III Pulse TWT

d. 6 dB Dual Mode TWT

(U) The high band LRU testing is intended to show that the rf chain

is highly compatible with the various TWTs. Because of the great simi-

larity in design and construction of the low band and high band units,

it may be inferred that this versatility is also possessed by the low

band LRU. Using the same argument, it may also be inferred that the

results of the low band LRUs environmental testing apply to the high

band LRU.

(U) The testing and the testing results for each TWT are described

in the sections below.

4.1 (U) Baseline Testing

(U) The rf chain baseline testing was conducted using the baseline

T-MEC TWTs originally developed for the ASPJ program. This was done to

keep the rf chain program within cost and on schedule, since preliminary

analysis showed that the rf chain requirements could be fulfilled by the

baseline tubes. This analysis proved to be incorrect. The baseline

TWTs could not be made to meet the rf chain requirements. However, the

response of the rf chain when using these tubes yields baseline data

about its overall performance. Since the rf chain in most cases comes

close to fulfilling the rf chain requirements with the baseline tubes,

it may be inferred that the rf chain would need or exceed these require-

ments with the appropriate TWTs.

74UNC LASSI FIED



SECRET

4.1.1 (U) TWT Description: The following paragraphs list some of the

specifications of the TWTs used in the rf chain high band LRU testing.

The specifications and drawing for the pulse TWT are in Northrop DSD

documents 093-005933 and 090-001862, respectively; and for the CW TWT,

document numbers 093-005932 and 090-01861, respectively. These are some

of the relevant specifications:

(S) Frequency Range: The following frequency ranges apply to both

the pulse and the CW TWTs:

7.5 to 18 GHz

7.5 to 19 GHz (design goal)

(S) Rated Fundamental Power Output:

Frequency Power Output = CW TWT Power Output = Pulse TWT

7.5 to 8.0 GHz +52.4 dBm +61.8 dBm

8.0 to 17.5 GHz +53.0 dBm +62.5 dBm

17.5 to 18.0 GHz +52.4 dBm +61.8 dBm

18.0 to 19.0 GHz (goal) +50.0 dBm +60.0 dBm

(C) Maximum total power output shall not exceed 56 dBm (CW) or 66

dBm (pulse) regardless of drive level.

(C) Duty Cycle and Pulse Width: The pulse tube may be operated at

continuous duty cycles up to 8% and at various pulse widths from 100 ns

to 25 ns maximum, including multiple combinations thereof. The CW tube

may be operated at continuous duty cycles up to 100% and at various

pulse widths from CW to a minimum of 100 ns, including multiple combina-

tions thereof.

(C) Small Signal Gain. Small signal gain for the CW TWT is 41 dB

minimum, 46 dB nominal, and 51 dB maximum. Small signal gain for the

pulse TWT is 51 dB minimum, 56 dB nominal, and 61 dB maximum.
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(U) Noise Output: With the input port terminated in 50 ohms and

the output port loaded with an attenuator, the CW TWT spurious noise

output is below -13 dBm/ MHz, and the pulse TWT total integrated noise

and spurious output power is below +40 dBm.

(S) At normal drive levels, the total harmonic power for each TWT

is at least 3 dB below fundamental power output (-10 dBc goal). At

frequencies higher than 10.5 GHz, the second harmonic is at least -15

dBc.

(C) Propagation Delay: The propagation delay for each tube does

not exceed 8 ns.

4.1.2 (U) List of Tests. The baseline electrical performance tests

conducted on the high band LRU are listed below:

1. Power Output vs. Frequency

2. Small Signal Gain

3. Harmonic Power

4. Spurious Outputs and Noise Power

5. TWT Transfer Characteristics

6. Mismatched Loads

7. Propagation Delay

8. Mode Switching Time

9. Primary Power

10. Response to Command

11. Duty Cycle Limiting

12. BIT/ATE Output

4.2 (U) Detailed Test Data - Baseline Testing

(U) The detailed test data for each test provided in this section

is preceded by introductory paragraphs indicating the purpose, require-

ments, variations in test procedures (if any), a summary of the test

results, and a block diagram of the test setup.
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4.2.1 (U) Power Output vs. Frequency

a. (U) Purpose. The purpose of this test is to demonstrate the

power output of the RF Chain High Band Amplifier across the

frequency band at nominal rf input drive levels. See figure 9

for the test setup.

b. (U) Results. Tests were run on the CW and pulse tubes for

total and fundamental power output vs. frequency, and reduced

drive level power output vs. frequency. The results of these

tests are shown in figures 50 through 55. The lower reference

line on these graphs represents the specifization to which the

TWTs were built. The other reference line represents the rf

chain specifications.

(U) The CW output power exceeds the specifications to which the CW

tube was designed, but falls below the rf chain output power specifications

in some areas of the band. The pulse output power also surpassed the

tube design specification, and fell below at the rf chain specification

at several points throughout the frequency band. The reduced drive

level test results show that each TWT produces the same output power

spectrum shape for various reduced drive levels.

4.2.2 (U) Small Signal Gain.

a. (U) uos. The purpose of this test is to demonstrate the

small signal gain across the frequency band, with the rf input

drive levels reduced by 15 dB from their nominal values. The

test setup is shown in figure 9.

b. (S) Results The tests were run with the input drive level 15

dB down from its nominal value. The results of this test are

shown in figures 56 and 57. Here again the unit did not meet

rf chain specifications (67 dB minimum for CW, 77 dB for

pulse), but exceeded the tube design specification (41 dB

minimum for CW, 51 dB for pulse).
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1 N0244452

Figure 52. (U) RF Chain High Band, CW Reduced Power
vs. Frequency, CW = 100%.
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Figure 53. (S) RF Chain High Band, PLS Total Power Output vs.
Frequency, PLS = 25 us at 5%.
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Figure 55. (S) RF Chain High Band, PLS Reduced Power vs.
Frequency, PLS = 25 us at 5%.
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4.2.3 (U) Harmonic Power

a. (U) Purpose. This test measured the relationship between the

total output power and the harmonic power for harmonic outputs

within the calibration frequency range.

b. (S) Results. This test was performed concurrently with the

tests described in paragraph 4.2.1 (see figure 9). The results

are shown in figures 58 and 59. The worst case harmonic power

in the CW mode was -13 dBc at 8.8 GHz, which fulfills the rf

chair, requirements of a worst case second harmonic of -3 to -4

dBc. The worst case harmonic power for the pulse tube was

2.75 dBc at 8.2 GHz. This is total harmonic power. The rf

chain requires the typical second harmonic to be -10 dBc.

4.2.4 (U) Spurious Outputs and Noise Power

a. (U) Purpose. The purpose of this test is to demonstrate that

the UUT meets the spurious noise output requirements. The

test setup is shown in figure 20.

b. (C) Results. This test is conducted in accordance with para-

graph 8.3.2.2 of the rf chain test plan. The results are

shown in data sheet 8.3.2 figure. 60. The requirements are -3

dBm/MHz maximum for CW and 40 dBm maximum for pulse. No

spurious outputs exceeded specification.

4.2.5 (U) TWT Transfer Characteristics.

a. (U) Purpose. The purpose of this test is to show the relation-

ship between the rf input drive into the rf chain LRU and the

output power of the LRU. This information is supplied as

supplemental information to required test data.

b. (U) Results. The test configuration is shown in figure 9.

The test results are shown in figures 61 through 66. The CW

tube shows very linear results up to its saturation point.

The transfer characteristics of the pulse tube are not nearly

as linear at the progranned test frequencies.
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vs. Frequency, CW = 100%.
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Figure 60. U) RF Chain High Band, Spurious Outputs.
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Figure 61. (U) HF Chain High Band, CW Transfer Characteristics ;.~
at 7.8 6Hz, CW a 100%.

90 1
SECRET



SECRET -

60

5 5 . . .. ... .. .

E

LuJ

o 40 .;.......

35 ........................ .............
30 ...... .... .... ................. ... .

-30 -25 -20 -15 -10 -5 0 9
PF CHAIN SN*0001I INPUIT FOHEk (drn)

TESIT #9 AT 12. 5 GH:-: BASELT!JE C00N r'41 IH I!o .

Figure 62. (U) RF Chain Nigh Band, CW Transfer Characteristics
at 12.5 GHz, CW - 100%.
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Figure 64. (S) RF Chain High Band, PLS Transfer Characteristics
%'t 7.8 GHz, PLS - 25 us at 5%.
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Figure 65. C(S) RF Chain High Band, PLS Transfer Characteristics
at 12.5 GHz, P13 25 us at 5%.
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if 4.2.6 (U) Mismatched Loads.

a. (U) Purpose. This test was performed to determine the effect

on rf chain power output of operating into a load that pre-

sents a less than optimum impedance match. The test setup is

shown in figure 30.

b. (C) Results. The rf chain is required to operate into loads

with a VSWR of 2:1. The test was performed with a 2:1 mis-

match of random phase to simulate a worst case feed line and

antenna loading condition. The test results are shown in

figures 67 and 68. The CW output power showed a maximum
decrease of 0.69 dB and the pulse showed a maximum decrease of

29.22 dB.

4.2.7 (U) Propagation Delay. The propagation delay test was not accom-

plished with the high band LRU because of non-availability of high speed

test equipment. Since the low band LRU performed satisfactorily during

this test, and because of the identical construction of the high band

and low band LRUs, no problems are foreseen in regard to the high band

LRUs propagation time.

4.2.8 (U) Mode Switching Time

a. (U) Purpose. The objective of the mode switching time test is

to measure the response of the UUT during different combina-

tions of timing sequences for CW, pulse, and blank modes. The

test setup is shown in figure 36.

b. (U) Variations in Procedure. A single pulse generator setup

for double pulse output was used instead of the two pulse

generator setups called for in table I of the rf chain test

plan (shown in figure 37).
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i0:06:13:14:53 HB RF CHAIN SN#1

TEST #7, SEOLUENCE #7: BASELINE CONFIGURATION

RESULTS OF MATCH'D LOADS CW

FREQUENCY (GHz) OLITPUT POWER (dBm)

7.8 52.31

12.5 52.89

17.5 51.07

RESULTS OF MISMATCHED LOADS CW

FRERUENCY (3GHz. OUTPUT POWER (dPrl)

7.8 52.88

12.5 53. 16

17.5 50.38

1 58029b64467

SECRET

Figure 67. (U) RF Chain High Band, Mismatched Loads.
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* 1006:3:145:3HE RF CHAIN SN#1

TEST #7, SEQUENCE #7: BASELINE CONFIGURATION

RESULTS OF MATCHED LOADS PL

FREQUENCY (GHz., OLITPLIT POWER (dBrti)

7.8 61.84

12.5 62.97

17.8 46.06

RESULTS OF MISMATCHED LOADS PL

FREQLUENCY i'GHz) OLITPIJT POW4ER (dkm)

7.8 61.35

12.5 Z433.75

17.8 *46.35

SECRET

Figure 68. (U) RF Chain High Band, Mismatched Loads.
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c. (U) Results. The mode switching time test was performed in

the CW and pulse modes of operation. The pulse generator was

programmed for double pulse output, and the pulse separation

was adjusted to the point at which the detected rf output

pulse separation was at a minimum (see data sheet 8.3.4.1,

figure 69). A mode switching time of 75-100 ns is required.

The results in figure 70 show a mode switching time of about

150 ns.

4.2.9 (U) Primary Power

a. (U) Purpose. The objective of the primary power test is to

measure the warmup time of the UUT and to determine the input

power requirements at high line, low line, and nominal input

voltage settings. Additionally, this test will verify the

prorated warmup time after a primary power interrupt.

b. (U) Results. The test setup is shown in figure 40. The

warmup time was measured to 214 seconds. The prorated warmup

time was 2 seconds of warmup time for each second of interrupt

time for up to 90 seconds of interrupt time. After 90 seconds

of primary power interrupt time, the full warmup time is

required.

(U) The primary power requirement is a three phase, 400 Hz supply

at 115 V +5%. The maximum input power specified is 800 watts per tube.

The results (figures 71 through 74) show that the minimum primary power

is always maintained; and while the CW tube sometimes exceeds 800 watts,

the pulse tube never does, and the total power requirements never exceed

1600 watts for both tubes.

4.2.10 (U) Response to Commands.

a. (U) Purpose. The purpose of this test is to verify that the

UUT operates in all modes, responds to digital commands, and

that it generates and processes proper status information

whenever status is requested.
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Rr CHAIN 174 ~qDATE /0 ~-(

49"t.. C-A - ONFIGURATION

MODE oF OPERATION PULSE WIDTH DBL SEPARATION

CONFIDENTIAL

TEST ENGINEER_____________________ _____DATE

Q.A. ___________________________DATE______

DCAS _______________________________DATE_______

Figure 69. (U) RF Chain High Band, Minimum Pulse Separation.
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Figure 70. (U) RF Chain High Band, Mode Switching Time.
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PR'A IRy POWER

Data Sheet 8.3.5.2.a -4

RF CHAIN /,,i _ DATEd-$- i4

___,__________CONFIGURATION

NODE OF OPERATION _s_" _ Y
LOW INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE _VLTAGE CURRENT V- E Rf dRm Rf dm

P A hDs v / / / O.1 ___sq __Z.'\

B /Bo0%7l /.6's _,, S.-24

P C /~4 *PS7 /S/S- V7// \ -_-\I

TOTAL L..- 3. 8O- . - - --

MODE OF OPERATION ,S.TV_,_
iNOMINA INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf dBm

P A _____I____ //r5 Rf qd~

TOTAL - __.€ /d/L35

_____ MODE OF OPERATION_______ _______ ______ ______

HIGH INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOCTAG IURRENT - POWER d Rf dm

0 B 4 Of.~ ___

TOTAL --.? 1 --- /?f,8 0 -

1ee0447t
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Figure 71. (U) RF Chain High Band, Primary Power.
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PRIMARY POER

Data Sheet 8.3.5.2. b

RF CHAIN_ -WEfI

,,.a C..- .. CONFIGURATION

MODE OF OPERATION a 4€,/ f~~
,L.OW INPUT INPUT INPUT INPUT INPUT OUTPUT

LINE V LTAGE _URRENT V-A _POWER Rf - Rf dm

6 /o5.. 33 357.06 3 ,

TOTAL -- /~69 8. 'J

MODE OF OPERATION G..c Z ., p00. 4 "
NOMINAL INPUT INPUT INPUT INPUT INPUT OUTPUT

LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf dBm

S ,,_ 3/ 34.6 Z Z99. , ' I

0c //9,0 3/ 3 Y 5.'/Z ;9t %

TOTAL ---- /oS/ _2 "3 !-'g'_

MODE OF OPERATION C4.j /00

HIGH INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT Y-A POWER Rf dBLm Rf dBm

IA /A7 ,..7 3 f'.82
0B ____ ___.1 3 75.2gq 310

TOTAL - C/74 e.-75f-/, I

1 114O.629 4-,072

UNCLASSIFIED

i~i
Figure 72. (U) RF Chain High Band, Primary Power.
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PRIMARY PJ ER

Data Sheet 8.3.5.2,c

RF CHAIN ,d/j/d 'eAA' DATE d'~

_______________CONFIGURATION

MODE OF OPERATION __._____ ____ ____ ___

LOW INPUT INPUT INPUT INPUT INPUT -OUTPUT
LINE V/OLTAU _ CURRENT V-A POWER Rf dBM_ Rf dBm

0 A 3_ /._ 3 .3 z ;2 6 7

0 C /0-7. a2, 89 '7 7. 2 sv. s
TOTAL ___.__ "1Z.S - ,.6 "50

MODE OF OPERATION 5 Xp
NOMINAL INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf dBm

0 A ______q7 2/__ _ __ _ _ _ _

S B

S c //3.9 J2-74 30q.34q I _____

TOTAL __ T)oi73' 9e5. . 3

OE OF OPERATION Pc._
HIIW INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm Rf d~r

0 A 17-;Y -7-I S 314-1 2e. py
SB //77 2 ,1,3 W1,.9

1C /4's 5 H,6~4L2'. __ _

TOTAL -- Cp~7J7& *~.3 *z
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Figure 73. (U) RF Chain High Band, Primary Power,
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PRIMARY POWER

Data Sheet 8.3.5.2.d

RF CHAIN DA_. TE &0 - -

.2,_ f_c_ _ _ _;V4CONFIGURATION

MODE OF OPERATION C ^. -t two
LOW INPUT INPUT INPUT INPUT INPUT OUTPUT

LINE VLTADf CURRENT V-A POWIER Rf ca Rf dee
__A_64_. S. r 537.3?. /? 4 N",

TOTAL. I ,___ /c~~,~ / '5 3.l -~'

MODE OF OPERATION #oc ,.J . 26/,-4 " a.'
TOMINA INPUT INPUT INPUT INPUT INPU OUPUT

LINE VOLTAGE -- CURRENT V-A POWER Rf dm Rf dm
PA /,'/,/ .7e/ 4-9W __,__

PB %9_, _ 6, 3 5 Y S60_,.4
P C q___ -746 ~ ~ ___

TOTAL - t, , l/5' &_ 1/A.

N0DE OF OPERATION P - C - W ______[_, ____.,

HIGH INPUT INPUT iNPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT , -A POWR Rf dBu Rf dBM
PA //7,0 -,71 5-5/.07 sc/,V c

//,562.5 '.

PC /,,J ,./z5 5 / e7$ z._ .___
TOTAL 1.- /65'/? / '-"/ -"'." "/0.2

UNCLASSIFIED

Figure 74. (U) RF Chain High Band, Primary Power.
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b. (U) Results. See figure 46 for the test setup. Only commands

not exercised in the tests discussed In paragraphs 4.2.1

through 4.2.9 were exercised in this test. The results are

contained in data sheet 8.3.6.1 (figure 75). The STE status

Fresponse was monitored for the various commands, and indicated

that the transmitter did respond properly to input commands.

4.2.11 (U) Duty Cycle Limiting.

a. (U) Purpose. The purpose of the duty cycle limiting test is

to demonstrate that the pulse channel monitor will limit the

pulse channel output when the video command duty cycle is

above the maximum specified.

b. (U) Results. The test setup is shown in figure 36. The

results in figure 76 show that when the pulse generator was

set to a 30 us pulse with a 6% duty cycle, the modulator did

limit the duty cycle to 5.2% by decreasing the pulse width.

4.2.12 (U) BIT/ATE Output.

a. ( Purpose The purpose of this test is to exercise and

verify the built-in test capability of the rf chain LRU.

b. (U) Results. When the BIT was exercised during the response

to commands testing, it indicated that all functions of the

LRU were GO. This is indicated on data sheet 8.3.6.1 (figure

75).

4.3 (U) Testing with the 2% Duty Cycle DBDN T iT

(U) To show the versatility of the standard rf chain, the high band

LRU was tested with a OBOM TWT. This tube was able to achieve only a 2%

duty cycle, but that is sufficient to show the 0Blt capability of the RF

Chain Power Amplifier.
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RESPONSE TO COMMANDS
Data Sheet 8.3.6.1

RF CAIN DATE /6-9-f/

(t~q~fg j'j.q-CONFIrAURATION

BIT PW OU W EE

WR. TE

PTEMT___________

DS DATE__________

UNCLASSIFIED

Figure 75. (U) RF Chain High Band, Response to Commwands.
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DUTY CYCLE LIMITING

Data Sheet 8.3.6.2.1

RF CHAIN DATE.,.

tIAJL~m~w. qCONFIGURATION

PULSE WIDTH DUTY CYCLE

PULSE GENERATOR3 sa

RF OUTPUT PULSE 5. 2

UNCLASSIFIED

j TEST ENGINEER DATE
OA, DATE' I• , ... .. , = i I .

DCAS , .__ DATE_

I16 -029664-O0"

Figure 76. (U) RF Chain High Band, Duty Cycle Limiting. AI
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4.3.1 (U) 2% DBDM Description. The following paragraphs list some of

the specifications of the 2% DBDM TWT. The tube drawing and specifi-

catlons are contained in Northrop DSD documents 090-001875 and 093-

006152, respectively. These are some of the relevant specifications.

(S) Frequency Range: This TWT amplifies rf signals within the

frequency range of 10.4 GHz to 18.0 GHz.

(S) Rated Fundamental Output Power: The minimum output power of

this TWT is:

Frequency CW Mode Pulse Mode

13.0 GHz 200 watts 2000 watts

10.4 to 16.5 GHz 155 watts 1550 watts

16.5 to 18.0 GHz 145 watts 1450 watts

(C) Duty Cycle: The maximum pulse duty cycle for this TWT is 10%;

the maximum pulse duration is 30 us.

(U) Small Signal Gain: The CW small signal gain is in the range of

42 dB to 52 dB; for the pulse mode, the range for small signal gain is

55 dB to 65 dB.

(U) Noise Output: The noise output power is no greater than -10

dBm/MHz in the CW mode and no greater than +3 dBm/MHz peak in the pulse

mode.

(U) At normal drive levels, the harmonic signal level is down to a

minimum of 10 dB from the fundamental rf output power.

(U) Propagation Delay: The rf delay from the TWT amplifier assem-

bly input to the output does not exceed 8.0 ns.
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(U) TlWT Difficulties: When this TWT was built, it did not meet

many of these specifications. For example, its duty cycle is only 2%,

and its small signal gain and maximum power output are below those

specified. RF chain testing will be done on another DBDM tube when one

becomes available. These specifications were included to illustrate

some of the difficulties being experienced in procuring usable TWTs for

testing - this is the reason why the standard rf chain program is behind

the original schedules.

(U) Even though this TWT did not meet specifications, it still

functions as a DBDM TWT, and is completely adequate to show the RF Chain

DBDM TWT capabilities.

4.3.2 (U) List of Tests. The electrical performance tests conducted on

the rf chain high band LRU with the 2% duty cycle DBDM TWT are listed

below:

1. Small Signal Gain

2. CW Power Output

3. Pulse Power Output

4. CW and Pulse Power Output

4.4 (U) Detailed Test Data - 2% DBDM TWT

(U) The detailed test data for each test provided in this seL tion

is preceded by introductory paragraphs indicating the purpose of each

test, and a summary of the test results.

(U) This testing was conducted to show the compatibility of the

standard rf chain with DBDM tubes. Therefore, only those tests which

show this compatibility were performed.

I4

4.4.1 (U) Small Signal Gain.
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a. (U) Purpose. The purpose of these tests is to demonstrate the

small signal gain across the frequency band, with the rf input

drive levels reduced from their nominal values. See figure 9

for the test setup.

b. (U) Results. The rf input drive levels were reduced from

their nominal values by 12 dB for the test results shown in

figures 77 and 78 (CW and pulse SSG, respectively). Figures

79 and 80 show the results for tests run at various reduced

drive levels (3 dB, 6 dB, 9 dB and 12 dB below rated input).

These results show that the rf chain can use either mode of

the DBDM independently, and produce a nearly level small gain

curve across the tube's frequency band.

4.4.2 (U) CW Power Output

a. (U) Purpose. The purpose of these tests is to show the rf

chain unit's power output, in the CW mode only. The test

setup is shown in figure 9.

b. (U) Results. Figure 81 shows the CW output power across the

frequency bands. This looks fairly level, except where the

output power drops at the high end of the band. Figure 82

shows the detected rf output response to the CW modulator

commands. The delay is not visible at this time division

setting (5 us/div.). Figures 83 through 85 show the CW trans-

fer characteristics at low, middle and high band frequencies.

In each case, the transfer characteristic curves are very

linear.

4.4.3 (U) Pulse Power Output.

a. (U) Purpose. The purpose of this test is to show the rf chain

units' power output, in the pulse mode only. The test setup

is given in figure 9.
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09: 15 i0:2.$ 1]H SSG VS FREQUENCY (INPUT -12)

K so4-O .....I I. .....I. .... ...... ............. .... . I .. ..... .......

4 6 . ........ ........... ...... .... .................. .................... ......... ,......... -.......... ;..........

_r) .... .. ....... .............................................................. .......... ...........
42 ........

4.0 ~~ ~~.......... ". .. .............. ......... '. ........ .................... ...... ..

4 0 ..... ..3. .... .. .. ... ............ ......... .. .
Q 3 2 ..... .. . ........ ... ........ .......... ... .

9 0 ............. ... .......:i..... ... .. ........ ......... .............. ............. .' ... ..

z q..
&  

...... ........ ......... .......... ........ .....................;; ......... ..... .......

z z . ... ........ ...._. ... ..... ....... . . .". .. ..2 .. ; ..... ..,..

9 9 10 11 1. 13 14 15 16 17 18
PF CHAIN DSDM FREQUENCY (C;Hz)

TEST E ,$EQULNCE *3 CW io %

1i6.02964-077

Figure 77. (U) RF Chain DBDM Test No. 3, Sequence 3:

CW SSG vs. Frequency, CW = 100%.
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09:15:10:06:41 PL SSG VS FREQUENCY (INPUT -12) Ii
4 8 ........ ; -.. ..... ........... I. ......... ,.......... I .......... .......... ......... .......... ... ..

4 6. .......... .. .... .......... ....

# 2 ... ...... .. .... .. ....... ..................... i........... .... ......
46 , ,

4 0 3 ... . . . ..... ... ................. : ........ . . ... .... .......... .......... .. ....... ... ........ .. . .

3 6 8 .... . .............. ..... "......... ".............................. :......... ' 1. - 1 .... ......... . . .
.. . . . . ... .. .. ... .. ..

.3 4 .................... ..... .. . . .......................... ...... ..... '-. . .

3 1. . . . .. . . . . . . . . . .. ....... .. . . . . . ........ •. . . . . .. . . . .

...................... ................................... ; ................ . .........

2 ................ ........................................................" ..... ........ .. ."

2 6 ..........i .........!,........................................ ......... .......... .. .. .. ..... . . .

2 64 .......... ."........ 4 ........ .............................. .......... ................... " ......... ..... .. '"

Z ......... ......... ........... 4 ......... .................... .... .............,.........- ..... .

4 8 9 10 11 12 13 14 15 Is 17
RF CHAIN DO])M FRFOUENCY (6Wz)

TEST #4, SF GLJM-E *3: Pi- ZOuS 0 2%

4-4

Figur-e 78. (S) RF Chain DBDM Test No. 4, Sequence No. 3: A '

PLS SSG Vs Frequency, PLS -20 us at 2%.
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Figure 79. (U) RF Chain DBDM Test No. 3 Sequence No. 3:
CW Reduced Power vs. Frequency, CW 1 00%. .
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50 9: 1 5:17:31:51 CW TRANSFER CHARACTERISTICS

.. . . . . . .. . . . . .I... . . .

..0...................
5 .....

5 0 . .. .. . ... . . .. . . . . .. .. . . . . ....

45 .. .. .. ..... ..

........... .. ......... . . . . . . . . ..... ...... .. ...... .. .........O 40

.. . . .... ... .... .. . . .

.. . .. . . ......

30....... . .. ...........

-1 0 -5 0 5 10 15 2
RF CHAIN DSDM I NPUT Pow" (cl~w

TEST *18 HiT 7 GHz: CW 100

Figure 83. (U) RF Chain DBDM Test No. 18: CW Transfer
Characteristics of 1.8 GHz, CW - 100%.
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4 9:151?4021CH TRANSFER CHARACTERISTICS

60 ................... ....... . ...... . .......

....0.. ... ...... ... .. .. ....... ,

s L .. . .. . ... . . .

55 t V'4.. . . . . .. . . . . . ....... . . ...... ..

.........................................
................ ........... .......... *.......

....................................... ......

......................................................

3 0. ... .....

I.-:

-5 0 5 10 15 20
PF CHAIN DBDM INFLUT FuHEF (dB84

TEST *18 AT i.5 &,lHz CW lull

Figure 85. (U) RF Chain DBDM Test No. 18: CW Transfer
Characteristics at 17.5 GHz, CW =100%.
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b. (U) Results. Figure 86 shows the pulse output power across

the frequency band. This is fairly level, except where the

output power drops at the high end of the band. Figure 87

shows the detected rf output responses to the pulse modulator

commands. The delay is not visible at this time division

setting (5 us/div). Figures 88 through 90 show the pulse

transfer charnsteristics at low, middle, and high band fre-

quencies. in each case, the transfer characteristic curves

are very linear.

4.4.4 CW and Pulse Output.

a. (U) Purpose. The purpose of this test is to observe the power

output of the CW and pulse modes together across the frequency

band. The test setup is shown in figure 9.

b. (U) Results. This test was run at nominal drive levels, with

CW at 100% plus the pulse mode at 2% duty cycle. The output

power spectrum is shown in figure 91. Once again, because of

the TWT construction, the power output falls at the high end

of the band. Figure 92 shows the detected rf output power

response to the modulator commands; once again, there Is no

visible delay.

4.5 (U) Testing With the Band I1 8% Pulse TWT

(U) To show the high duty cycle capabilities of the rf chain, the

high band LRU was tested with a high duty cycle pulse TWT from Hughes

installed. The purpose of the testing was to demonstrate the high duty

cycle capabilities of the rf chain power supplies and modulators. No

attempt was made to optimize the power output of the TWT or to duplicate

any previous data taken on the TWT. All testing was conducted at the

rated operating duty cycle of the TWT and with a constant rf Input drive

level to the TWT across the frequency band. The power supplies and

modulator used were baseline rf chain equipment.
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6509:15: 17:20:41 PU TRRASFER CHARACTERISTICS
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Figure 89. (S) RF Chain DBDM Test No. 18: PLS Transfer
Characteristics at 18 GHz, PLS 20 us at 2%,
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Figure 90. (S) RF Chain DBDM Test No. 18: PLS Transfer
Characteristics at 17.5 GHz, PLS 20 us at 2%.
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(U) Testing was conducted with only the high duty cycle pulse tube

and one modulator installed. At the time of testing only one working

modulator was available for use in the amplifier.

(U) Total testing time was approximately ten (10) hours. During

the testing period no failures of the high band rf chain LRU were en-

countered.

4.5.1 (U) TWT Description. The following paragraphs list some of the

specifications of the 8% pulse TWT. The tube drawings are contained in
Northrop DSD documents 090-001838 and 090-001841, and the specifications

in 093-004211. These are some of the specifications:

t S) Frequency Range: The full performance frequency range of the

tube is 8.9 GHz to 18.0 GHz.

(S) Rated Fundamental Power Output: The minimum output power of

this TWT at 8% duty cycle is 1500 watts peak.

(U) Duty Cycle: The duty cycle for this TWT is 8% maximum; the

pulse width is in the range of 0.1 us to 30 us.

(U) Small Signal Gain: The small signal gain, when tested with a

leveled rf input equal to that required to achieve a 7 dB reduction in

rf output from the previously stated minimum, is in the range of 44 dB

to 54 dB within the TWTs frequency range.

(U) Noise Output: With the input port terminated in 50 ohms and

the output port terminated in a flat attenuator, the noise output does

not exceed -10 dBm/MHz when measured through a bandpass filter with a 3

dB bandwidth equal to or less than 100 MHz.

(U) With nominal input drive, the total harmonic power is at least

5 dB below fundamental power output.
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4.5.2 (U) List of Tests. The electrical performance tests conducted on

the rf chain high band LRU with the 8% pulse TWT are listed below:

1. Duty Cycle Limiting

2. Pulse Width Limiting

3. Total Power Output vs. Frequency

4. Small Signal Gain vs. Frequency

5. Gain Variations

6. Harmonic Power vs. Frequency

4.6 (U) Detailed Test - Data - 8% Pulse TWT

(U) The purpose of the following tests is to demonstrate the high

duty cycle capabilities of the rf chain. All testing was conducted

using rated duty cycle (8%) and maximum pulse width (32 us) for the

pulse TWT. Figure 93 shows the pulse modulator enable signal; and

figure 94 shows the pulse duty cycle. Figure 95 shows a spectrum analyzer

display of the rf output of the rated operating pulse width and duty

cycle.

4.6.1 (U) Duty Cycle Limiting

a. (U) Purpose. The purpose of this test is to demonstrate the

capability of the rf chain to limit the duty cycle to the

rated duty cycle of the TWT.

b. (U) Results. The results of this test are shown in table 5

and figure 96. The test was conducted by maintaining the

modulator enable pulse at 32 us and decreasing the time be-

tween pulses from 400 us to 250 us. As the duty cycle of the

input command was increased, the rf output pulse width de-

creased, maintaining the 8% duty cycle.

4.6.1;(U) Pulse Width Limiting.
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Figure 94. (S) RF Chain High Band, 8% Duty Cycle, 32 us
Pulse Up Out of a 400 us Period.
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Figure 95. (S) PF Chain high L3and, Spe(.trun AnalyzF-r
Display at B." Duty Cycle.
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Table 5. (U) High Band RF Chain Duty Cycle Limiting.

PULSE WIDTH PERIOD DUTY CYCLE

Modulator Enable 32 us 245 us 13%

Detected RF Output 20 us 245 us 8.1%

UNCLASSIFIED

DETECTED RF OUTPUT

MODULATOR ENABLE COMMAND

UNCLASSIFIED

Figure 96. (U) RF Chain High Band, Duty Cycle Limiting.

134
UNCLASSIFIED

. o ,,. , .,. . . ... .......... "........ ... . .... , , .... ,., , l,, . E. ; .. . _ - -,, ,.-, .... ... !_ _i:., :: - .. . . ... . ...... -



UNCLASSIFIED

a. (U) Purpose. The purpose of this test is to demonstrate the

ability of the modulator to limit the pulse width of the rf

output is the rated output pulse width of the TWT.

b. (U) Results. The test results are shown in table 6 and figure

97. This test was conducted by increasing the modulator input

command pulse from 32 us to 50 us. The modulator limited the

output pulse to 34 us.

4.6.3 (U) Total Power Output vs. Frequency

a. (U) Purpose. The purpose of this test is to demonstrate the

ability of the RF Chain Power Amplifier to support the 8% duty

cycle pulse tube across the frequency band.

b. (U) Results. This test was conducted using a constant drive

level across the band. The results are shown in figure 98.

The power output, with no attempt at power output optimi-

zation, meets the rf chain requirements over almost the entire

frequency band.

4.6.4 (U) Small Signal Gain vs. Frequency

a. (U) Purpose The purpose of this test is the same as that for

the test of 4.6.3. The test was conducted in the same manner,

except that the input drive level was reduced by 15 dB.

b. (U) Results. The test results are shown in figure 99. The

results show that the rf chain does support the tube across

the frequency bad for the reduced drive level.

4.6.5 (U) Gain Variations

a. (U) Purpose The purpose of this test was to demonstrate the

ability of the rf chain to support the 8% duty cycle pulse

tube at reduced drive levels across the frequency band.
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Table 6. (U) [igh Band RF Chain, Pulse Width Limiting.

PULSE WIDTH PERIOD

Modulator Enable 50 us 500 us

Detected RF Output 34 us 500 us

UNCLASSIFIED

DETECTED RF OUTPUT

MODULATOR ENABLE
COMMAND

UNCLASSIFIED
Figure 97. (U) RF Chain High Band, Pulse Width Limwiting.
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b. (U) Results. The test results are shown in figure 100. The

input drive levels were reduced by 3 dB for each test sweep of

the band, and the gain variation at different drive levels

recorded. Each of the drive levels produced an output curve

of approximately the same shape.

4.6.6 (U) Harmonic Power vs. Frequency

a. (U) Purpose. The purpose of this test was to demonstrate that

the RF Chain Power Amplifier will support the 8% duty cycle

pulse TWT across the frequency band without generating exces-

sive harmonics.

b. (U) Results. The results are shown in figure 101. The harmonic

power is down dbOuIt 15 dB average from the total power output

across the freqjency band.

4.7 (U) Testing With The 6 dB Pulse-Up TWT

(U) To show the versatility of the rf chain, the high band LRU was

tested with the 6 dB pulse-up TWT. This testing required a special tri-

level modulator for the rf chain. The high voltage power supply and the

modulator were left unencapsulated and mcunted in a tank filled with

coolant oil (FC-48). Since the 6 dB pulse-up TWT is not intended for

use in the rf chain, the HVPS and modulator were built for ease of

modification rather than form factor.

(U) Although the pulse-up TWT did not meet specifications, it was
sufficient to show the pulse-up capability of the rf chain power ampli-

fier, and particularly to demonstrate the performance of the new tri-

level modulator in an actual amplifier.

4.7.1 (U) 6 dB Pulse-Up TWT Description: The following paragraphs list

some of the specifications of the 6 dB pulse-up TWT. The specifications

and drawing for this tube are contained in Northrop DSD documents 093-

006396 and 090-001870, respectively. These are some of the relevant

specifications:
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(S) Frequency Range: This TWT amplifies rf signals within the fre-

quency range of 7.5 GHz to 18.2 GHz.

(S) Rated Fundamental Output power: The minimum output power of

this TWT is:

CW Mode Pulse Mode

Frequency Output Power Peak Output Power

7.5 GHz 50.0 dBm 56.0 dBm

7.8 GHz 51.8 dBm 57.8 dBm

17.0 GHz 51.8 dBm 57.8 dBm

18.2 Gllz 50.0 dBm 56.0 dBm

(C) Duty Cycle: The maximum duty cycle of this TWT is 100 percent

in CW mode and 25 percent in pulse mode. The maximum pulse duration is

25us.

(U) Small Signal Gain: The CW mode small signal gain is the range

of 41 dB to 51 dB. The pulse mode small signal gain is in the range of

50 dB to 60 dB.

(U) TWT Difficulties: This TWT did not meet many of the specifi-

cations. For example, output power and small signal gain were below

their specified levels over large portions of the frequency band.

Because the tube performance was poor, the maximum duty cycle used in

testing was limited to 20 percent to prevent damage to the tube. Also,

the output power in the pulse mode was only 2 dB to 3 dB up over CW mode

output power when the tube was operated at saturated output power, and

the TWT was not equalized - it required more drive in the lower half of

the frequency band than was specified.

(U) Even though the TWT did not meet specifications, it was com-

pletely adequate to show the rf chain's capability to operate with a

dual mode TWT installed.
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4.7.2 (U) List of Tests: The electrical performance tests conducted on

the rf chain high band LRU with the 6 dB pulse-up TWT are listed below:

1. Total power output vs. frequency

2. Fundamental power output vs. frequency

3. Small signal gain

4. 6 dB pulse-up

5. Dual-Mode operation

4.8 (U) Detailed Test Data - 6 dB Pulse-Up TWT

(U) The detailed test data for each test provided in this section

is preceded by introductory paragraphs indicating the purpose of each

test, and a summary of the test results. The test setup for each of

these tests is that shown in figure 9, except that the data recorder was

not available. Therefore, data points were recorded by hand.

(U) This testin7 was conducted to show the compatibility of the

standard rf chain with the 6 dB pulse-up TWT; therefore, only those

tests which show this compatibility were performed.

4.8.1 (U) Total Power Output

a. (U) Purpose. The purpose of this test is to show the rf chain

unit's power output for both the CW and the pulse modes.

b. (U) Deviations. Since this TWT did not have an equalized

input, the input drive level had to be adjusted at each test

point to get maximum power from the tube. The rf chain was

not able to drive the tube into saturation over much of the

lower half of the frequency band because the tube exceeded

drive specifications, requiring approximately 24 dB of drive

in the lower half of the band. The maximum drive available

from the rf chain was 20 dB. Two separate test runs were

made.
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(U) The first run was made with the input drive adjusted to

give maximum CW power output, with power readings taken in

both the CW and the pulse modes. The second run was made with

the input drive adusted to give maximum pulse power output,

and again readings were taken in both the CW and pulse modes.

c. (U) Results. See Figures 102 and 103. These results show

that the tube did not meet the power output specifications

over most of the frequency-band. They also show that the

pulse mode went into saturatiun before the CW mode over most

of the tube's operating frequency band, and that the tube did

not give 6 dB pulse-up operation. Pulse-up operation ranged

from 2 dB to 4 dB across the band.

4.8.2 (U) Fundamental Power vs. Frequency

a. (U) Purpose. The purpose of this test is to show the output

power of the rf chain at each fundamental frequency after all

harmonics are filtered out.

b. (U) Results. Figure 104 shows both CW and pulse power output.

The tube failed to meet the power output specifications over most

of the frequency band. It also failed to meet the 6 dB pulse-up

specification.

4.8.3 (U) Small Signal Gain

a. (U) Purpose. The purpose of this test is to demonstrate the

small gain across the frequency band, with the rf input drive

levels reduced by 15 dB from their nominal values.

b. (U) Results. See figures 105 and 106. Figure 105 shows the

small signal gain of the CW mode. The tube failed to meet the

gain specifications over the lower third of the frequency

band. Figure 106 shows the small signal gain of the pulse

mode. Again the tube failed to meet the gain specifications

* 144
UNCLASSI FIED



SECRET

CL

0

LUU

aJ

LO 4

L

-4

C~)

12

(A 0.0c

I4 4.'"
.. !7c 0

W La -

- w
S .0

o L 0L.

I.-n
U)n

S14

SECRET



SECRET

LU-

441)

04 C

0

L6 CL

12 L61 a

w U,-

L&- 0%
-1.

Im t;OW: M, n U

!30'o cat-

co w D - -

in An n U l*in 13

1464

aSECRE



SECRET

uI-

.- t

I-
1

0

S03
410.

to-

, '

LU 4
U..

-4

CLL- I

u - -I- c

0. a.0

it!~

V a "a

SECRET



SECRET

AUa

U.-

w fd

InI

-00.
C

to at

1481

SECRET



SECRET

#A

- I

Cc.-
I Ln

LI0
-j*

CL cil

CCD

4)U

SECRET



UNCLASSI F lED

(U)over the lower third of the frequency band. It should be

also be noted that the gain in the pulse mode Is significantly

greater than 6 dB above the CW mode gain level across the

frequency band.

4.8.4 (U) 6 dB Pulse-up

a. ( Purpose. The purpose of this test to see if by reducing

the input drive level to the tube, a point could be found

where the tube would actually operate in a 6 dB pulse-up

condition.

b. (U) Results. By slowly reducing the input drive level at each

test frequency, a point was found where the tube did operate

at 6 dB pulse-up. Figure 107 shows the CW and pulse power

output at the point where 6 dB pulse-up operation was achieved.

Figures 108 and 109 show the spectrum analyzer display.

4.8.5 (U) Dual Mode Operation

a. (U) Purpose. The purpose of this test is to demonstrate the

dual mode capabilities of the rf chain.

b. (U) Results. Figure 110 shows the CW and pulse modulator

commands, and the TWT beam current. This figure shows the TWT

beam current at the CW level, with an increase in beam current

during the pulse-up command. Figures 111, 112 and 113 show

the detected TWT output. Figure 111 shows this output for CW

mode only; figure 112 shows it for pulse mode only; figure 113

shows it for CW and pulse-up operation.

c. (U) Additional Test Conducted. Figure 114 shows the detected

TWT output with the tube operating in the pulse mode at a 20

percent duty cycle. The tube duty cycle operation was limited

to 20 percent because of the poor performance of the tube.,
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SPECTRUM ANALYZER
DISPLAY OF TWT OUTPUT
SHOWING CW AND PULSE
OPERATION. PULSE
OUTPUT 6 dB HIGHER THAN
THE CW OUTPUT

SCALE 10 dB/DIV

100% CW

5% PULSE

UNCLASSIFIlED
Figure 108. (U) 6dB Pulse-up Test, Full View.

SPECTRUM ANALYZER
DISPLAY OF TWvT OUTPUT
SHOWING CW AND PULSE
OPERATION. PULSE
OUTPUT 6 dB HIGHER THAN
THE CW OUTPUT

SCALE 2 dBDI

UNCLASSIFIED
Figure 109. (U) 6dB Pulse-up Test, Magnified View.
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RF CHAIN HIGH BAND

6 dB PULSE UP TWT SN NO. 101

TWT BEAM CURRENT

100 MA/DIV
250 MA CW
380 MA DURING PULSE-UP

PULSE MODULATOR ENABLE
25 us (5% DUTY)

CW MODULATOR ENABLE

1 5&a29664-1 10

UNCLASSIFIED
Figure 110. (U) TWT Beam Current vs. Modulator Commands.

DETECTED TWT OUTPUT

CW MODULATOR ENABLE

50% DUTY CYCLE

t 15&-029S64 111

UNCLASSIFIED

Figure 111. (U) CW Mode Output vs. Modulator Enable.
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DETECTED TWT OUTPUT

PULSE MODULATOR ENABLE
25 us (5% DUTY)

1%-029W-1 12

UNCLASSIFIED
Figure 112. (U) TWT Pulse Mode Output vs. Modulator Enable.

DETECTED TWT OUTPUT
(CW OUTPUT 50% DUTY
WITH 25 us PERIOD
OF PULSE UP POWER
OUTPUT)

PULSE MODULATOR ENABLE
(5% DUTY CYCLE)

CW MODULATOR ENABLE
(50% DUTY CYCLE)

1 %-029664-1 13

UNCLASSIFIED
Figure 113. (U) TWT Combined Mode Output vs. Modulator Enable. 4.
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20% DUTY CYCLE

20 us PULSE WITH
100 us PERIOD

DETECTED TWT
OUTPUT

PULSE ENABLE

DUTY CYCLE LIMITED
TO 20% PULSE OPERATION
BECAUSE OF POOR TUBE
PERFORMANCE.

16N-029664- 114

SECRET

Figure 114. (S) 20% Duty Cycle Test.
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4.8.6 (C) Because of the poor TWT performance, pulse-up operation

during the combined CW and pulse mode was limited to a maximum pulse

width of 25 us and a duty cycle of not greater than 5 percent to prevent

damage to TWT. When the 6 dB pulse-up modulator was tested separately,

the pulse width and duty cycle limiting features did perform as required.

These tests were not performed with the TWT.

(U) Even though the 6 dB pulse-up TWT did not meet its specifi-

cations, this testing did demonstrate the versatility of the rf chain in

general and the tr-level modulator in particular by showing that these

devices are capable of pulse-up operation as well as the other modes of

operation detailed in this report.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS(U)

(U) This testing provides conclusive evidence that the standard rf

chain high band and low band LRUs meet or exceed all specifications of

the rf chain program. Although in some cases the rf chain amplifiers

did not meet specifications because of the TWTs used, comparison of the

tube specifications with the rf chain performance using those tubes

makes it clear that the rf chain could exceed its specifications in most

cases, given the appropriate tubes.

(U) The testing also showed that the rf chain met its design objec-

tives of high reliability, compatibility with various TWTs, commonality

between LRUs, and easy maintenance.

(U) Recommendations. The standard rf chain could be further improved

by using updated modulators and power supplies. This would have the

effect of making the rf chain even more compatible with TWTs - when TWTs

with higher output powers become available, the rf chain with updated

power supplies could drive them without modification. Updated modu-

lators would help cut down space requirements, and increase the effective-

ness of the rf chain in ECM applications.

I.
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determined eligible for declassification. I approve the declassification of the following
documents to reflect unclassified.

.(U).EO SAM-Si-mulator.-Volume.Il,-dtd-Apr-82 ..

(U) EO SAM Simulator. Volume 1, dtd Apr 82
(U) Face Pumped Laser Slab Mounting Development, dtd Feb 82 /
(U) Future Directions in Computer Modeling Aircraft for RCS Prediction, dtd Mar 82 V'
(U) Molecular Flare Feasibility Study, dtd Apr 82 V
(U) FLIR Technology Demonstration (FTD), dtd May 82 V
(U) Radio Frequency Radar Cueing, dtd Apr 82 L/
(U) RF Chains Demonstration, dtd May 82 V
(U). SAW Receiver Final Report, dtd Oct 82 7
(U) Power Sharing: Phase II, dtd Nov 82 v-
(U) Solid State Aperture Module Development Program, dtd Dec 82 V"
(U) Passive Optical Expendable Countermeasures, dtd Apr 82 V
(U) RF Chain Final Technical Report, dtd Jan 83 v"'
(U) Low Cost Arrays for the Detection of Infrared. Phase II, dtd Jan 83 V'

D M, /ESES
Director, Sensors



DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY

WRIGHT-PATTERSON AIR FORCE BASE OHIO 45433

FROM: Det. 1 AFRL/WSC(STINFO) 28 MAY 08
2261 Monahan Way, B.196, Rm.l
Wright-Patterson AFB, OH 45433

The following technical reports are now unclassified, Statement B, Test and Evaluation,
Controlling office: AFRL/RYJW ; EXPORT CONTROL

EO SAM Simulator AFWAL TR 82 1002 VOL. I ADC029419
EO SAM Simulator AFWAL TR 82 1002 VOL. II ADC029420
Passive Modulated Expendable Optimization AFWAL TR 82 1048 ADC030479

The following technical reports are now unclassified, Statement D, Test and Evaluation,
Controlling office: AFRL/RYJT ; EXPORT CONTROL

FLIR Technology Demonstration (FTD) AFWAL TR 82 1019 ADC029216
Low Cost Arrays for the Detection AFWAL TR 82 1165 ADC033455

The following technical reports are now unclassified, Further dissemination only as
directed by the Sensors Laboratory (AFRL/RYJW) or higher DoD authority. EXPORT
CONTROL

Passive Optical Expendable Countermeasures AFWAL TR 82 1157 ADC031190

The following technical reports are now unclassified, Statement C, Critical Technology;
Controlling office: AFRL/RYJW ; EXPORT CONTROL

Face Pumped Laser Slab Mounting AFWAL TR 82 1006 ADC030426

The following technical reports are now unclassified, Statement E, computer software;
Controlling office: AFRL/RYJW; EXPORT CONTROL

Molecular Flare Feasibility Study AFWAL TR 82 1017 ADC951650

The following technical reports are now unclassified, Statement X, all other requests for
this document shall be referred to AFRL/RYRE; EXPORT CONTROL

RF Chains Demonstration AFWAL TR 82 1052 ADC029911



The following technical reports are now unclassified, Statement A, Controlling office:
AFRL/RYRE

RF Chain Final Technical Report AFWAL TR 82 1160 ADC032271

The following technical reports are now unclassified, Statement B, Test and Evaluation;
Controlling office: AFRL/RYRR; EXPORT CONTROL

Radio Frequency Radar Cueing AFWAL TR 82 1022 .ADC030697
SAW Receiver Final Report AFWAL TR 82 1101 ADC030747
Solid State Aperture Module Development AFWAL TR 82 1153 ADC03 1011

The following technical reports are now unclassified, Statement B, computer software;
Controlling office: AFRL/RYRT; EXPORT CONTROL

Power Sharing: Phase II AFWAL TR 82 1106 ADC030865

The following technical reports are now unclassified, Statement D, critical technology;
Controlling office: AFRL/RYS ; EXPORT CONTROL

Future Directions in Computer AFWAL TR 82 1015 ADC029416


